Objective: Microbial manipulations in early life can affect gut development and inflammatory status of the neonate. The maternal diet during pregnancy and lactation also influences the health of the offspring, but the impact of maternal high-fat (HF) feeding along with modulations of the gut microbiota on body weight, fat deposition and gut function in the offspring has been poorly studied. Methods: Rat dams were given access to either an HF or a standard low-fat diet during the last 2 weeks of pregnancy and during lactation and effects on body weight and gastrointestinal function were investigated in the 14-day-old offspring. To elucidate whether bacterial administration to the dam could modulate any effects of the diets in the rat pups, another group of dams were given Escherichia coli in their drinking water. Results: Maternal HF feeding resulted in increased body and fat pad weights in the offspring, along with increased levels of the acute-phase protein, haptoglobin and decreased protein content and disaccharidase activities in the small intestine. The addition of E. coli further accentuated these responses in the young rats, which, in addition to higher body weights and increased fat deposition, also showed an increased intestinal permeability and elevated levels of haptoglobin. Conclusions: The present study demonstrates for the first time how bacterial administration to the maternal diet during the neonatal period can affect body weight and fat deposition in the offspring. The results point to a mechanistic link between the gut microbiota, increased intestinal permeability and metabolic endotoxemia, which appear to have led to increased adiposity in the young rats.
Introduction
The gut microbiota appears to be able to regulate host metabolism in adult animals, including fat storage. [1] [2] [3] In addition, microbial manipulations in early life influence gut development and inflammatory status of the neonate. 4, 5 We have previously shown that administration of Escherichia coli, a species in the family Enterobacteriaceae, to rat dams during pregnancy and lactation on low-fat (LF) chow promoted small intestinal (SI) growth and function, while increasing the acute-phase protein, haptoglobin. 5 Enterobacteriaceae are typical elements of the resident microbiota in mammalians and are frequently occurring contaminants in foods and are regarded as proinflammatory, as they have lipopolysaccharides associated to the cell wall. The maternal diet during pregnancy and lactation influences the health of the offspring, 6, 7 but the impact of maternal high-fat (HF)
feeding along with modulations of the gut microbiota on body weight, fat deposition and gut function in the offspring has been poorly studied. Gastrointestinal (GI) development is regulated by the internal genetic program, but exogenous factors, such as luminal nutrition, the intake of amniotic fluid, mother's milk or the weaning diet, as well as microbial colonization of the gut, also have an impact on organ growth and function. 5, 8, 9 Rodents, who are born relatively immature, with gut organs that are well adapted to the digestion of the mother's milk during the suckling period, 9 undergo a well-characterized structural and functional postnatal development.
During this period, the brush border disaccharidases of the SI shift from a high lactase activity and low maltase and sucrase activity to a reversed adult-type pattern. Furthermore, the high SI absorptive capacity for macromolecules gradually decreases as weaning commences and gut closure occurs when fetal-type enterocytes are replaced with adult-type enterocytes lacking neonatal Fc receptors binding milk IgG in the proximal SI and large absorptive vacuoles in the distal SI. 10, 11 A few studies in the rat have been done investigating the impact of an HF maternal diet on GI development in the offspring. Reducing the litter size in rats, results in a higher fat content of the mother's milk, increased body weight, fat deposition and intestinal alkaline phosphatase activity in suckling pups. 12 In another study, a maternal diet consisting of different dietary lipids (polyunsaturated vs saturated lipids), which was continually fed to the weanling rats, was shown to affect intestinal morphology and glucose transport. 13 Most of the studies on a maternal HF diet, however, only investigate the development of metabolic disease in the offspring and the studies investigating the impact on gut development are inconclusive. 14, 15 Here, we investigate the effect of an HF diet fed to rat dams during pregnancy and lactation on GI growth and function in the suckling offspring at 14 days of age. To elucidate whether addition of E. coli would modulate these responses, we administered this bacterium in the drinking water for the same time period. The particular strain used here, E. coli CCUG 29300T, is a non-pathogenic strain of human origin.
Body weight, fat deposition, GI organ growth, intestinal digestive enzyme activities and intestinal permeability, as well as pancreatic enzyme content, were measured in the rat pups. In addition, immune system parameters, such as thymus and spleen weight and the plasma levels of the acute-phase protein, haptoglobin, 16 were investigated, since obesity has been shown to be correlated with an increased secretion of cytokines. 17 Furthermore, the cecal colonization of Enterobacteriaceae of the pups was analyzed.
Materials and methods

Ethical approval
The local Ethical Review Committee for Animal Experiments in Lund had approved the study.
Animals
Rats (Rattus norwegicus) of the Sprague-Dawley stock (Mol:SPRD Han; Taconic Europe, Ry, Denmark) were used in the study. The rats were bred and kept in our animal facility under specific pathogen-free conditions and a standardized environment (21±1 1C, 50±10 RH% and 12-12 h light-dark cycle). One week after mating, the rats were housed in separate polycarbonate cages on a chopped aspen wood bedding (Beeky bedding; Scanbur BK AB, Sollentuna, Sweden). The rats had free access to tap water. The day of birth was assigned day 0 and each litter was held with its respective mother until end of the experiment at 14 days of age. The rat pups were weighed at the day after birth (day 1) and at the day of exsanguination, at 14 days of age.
Only male pups were used in the study so that epididymal fat pad weights could be compared. There were no stillbirths observed and there was 100% survival of the rat pups.
Experimental treatments and groups
The rats had free access to either a standard (LF) breeding chow (RM3, SDS, Essex, UK, containing 65 E% carbohydrates, 12 E% fat and 23 E% protein) or an HF diet (based on the D12451 diet from Research Diets Inc., New Brunswick, NJ, USA, containing 41 E% carbohydrates, 41 E% fat (lard) and 18 E% protein). Both diets were manufactured to include sufficient vitamins and minerals. The rat dams were divided into three groups, where the first group received the HF diet (n ¼ 2, litter sizes 12 and 12), the second group also got E. coli in their drinking water in addition to receiving the HF diet (n ¼ 3, litter sizes 7, 10 and 6), whereas the third group received the LF, standard diet (n ¼ 2, litter sizes 8 and 8) during the last 2 weeks of pregnancy and during lactation. The resulting offspring of these dams were designated as the HF group, the HF þ E. coli group (HF-EC) and the LF group. At each day of bacterial administration, a tube containing 10 9 colony forming units of E. coli were thawed and administered to the drinking water bottle containing 200 ml fresh tap water. The bacterium, E. coli CCUG 29300T, was grown in brainheart infusion medium (Oxoid, Basingstoke, Hampshire, UK) in a shaking water bath at 361C for 16 h. The cells were stored in 13.6 w/v% freezing media (4.28 mM K 2 HPO 4 , 1.31 mM KH 2 PO 4 , 1.82 mM Na-Citrate, 0.87 mM MgSO4 Â 7 H 2 O and 1.48 mM 98% glycerol) and kept at À20 1C until it was used.
In a separate study, we investigated epididymal and retroperitoneal fat pad weights in male offspring of HF (n ¼ 22 males, litter sizes: 11, 12 and 13) and LF (n ¼ 11 males, litter sizes: 12 and 12)-fed rat dams, as well as in offspring born from dams consuming an HF diet and given E. coli (n ¼ 13 males, litter sizes: 7, 9 and 11). Since fat pad weights differ between males and females, only males were used in the study. The body weight of these additional pups was also measured at birth and at 14 days of age, and stomach, pancreas, SI, liver, spleen and cecal weights were recorded at the end of the study.
Exsanguination and sampling At 14 days of age, the pups were separated from their mother for 1 h before gavage, using a teflon stomach tube (Agn Tho's AB, Lidingö, Sweden), with a marker solution containing bovine serum albumin (1.25 mg BSA per gram body weight) and bovine immune globulin (0.25 mg BIgG per gram body weight) (Sigma-Aldrich Co., St Louis, MO, USA). Three hours Escherichia coli affects the outcome of a maternal high-fat diet F Fåk et al later, they were anesthetized with a mixture of 0.5 mg g -1 body weight Ketamin (Ketalar, Pfizer, New York, NY, USA) and 0.4 mg g -1 body weight Azaperon (Stresnil, Janssen Pharmaceuticals, Beerse, Belgium) in 0.15 M NaCl. After opening the bowel and chest, the pups were exsanguinated by taking 0.5-1.0 ml blood by heart puncture into ice-chilled tubes, containing 1.5 mg EDTA and 20 000 IU aprotinin (Trasylol, Bayer, Leverkusen, Germany). The entire pancreas was then carefully dissected, rinsed in ice-cold saline, weighed and frozen. Thereafter, the SI was dissected and divided into two halves of equal length (proximal and distal part), flushed empty with saline before being weighed and frozen. The cecum was removed using alcohol sterilized instruments, weighed and then frozen in freezing medium. The stomach was removed, rinsed in saline and weighed. The stomach contents were saved on ice. Thereafter, the liver, spleen, thymus and adrenals were dissected and weighed. Epididymal and retroperitoneal fat pads were dissected and weighed separately. After completion of dissection, blood samples were centrifuged and plasma was removed and stored at À70 1C until further analysis. The stomach contents were mixed with 0.5 ml 0.9% saline, after which the samples were centrifuged (3000 g for 15 min at 4 1C) and pH was measured in the supernatant.
Analyses
Disaccharidase activities in the SI. Intestinal disaccharidase activities was measured using the Dahlqvist method. 18 In short, the intestine was homogenized in nine volumes of icecold saline using a knife homogenizer (Ultra-Turrax T25, Labassco, Malmö, Sweden) (wt per v). Then the substrates, lactose, sucrose and maltose, were incubated with the intestinal homogenates for 1 h, after which the reaction was stopped with addition of a glucose oxidase reagent and the amount of generated glucose was determined. The disaccharidase activities were estimated by reading the absorbance at 450 nm and using glucose (0.05-1.0 mg ml -1 )
as standard. The protein content of the proximal SI was determined according to the Lowry method modified for 96-well microplates, using BSA as the standard.
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Protein content of the pancreas. Briefly, the pancreata were homogenized in ice-cold 0.2 mol l -1
Tris-HCl buffer þ 0.05 mol l -1 . CaCl 2 , pH 7.8, using a glass/glass homogenizer, followed by centrifugation at 15 000 g for 20 min at 4 1C. The protein content of the supernatants was determined as described above.
Marker molecule levels in blood plasma. The intestinal permeability was determined by measuring the concentrations of the marker molecules BSA and BIgG in blood samples taken 3 h after gavage. BSA and BIgG levels in blood plasma were measured by electroimmunoassay (rocket electrophoresis 20 ) using specific antisera for BSA (rabbit anti-cow albumin, Dako A/S, Glostrup, Denmark) and BIgG (rabbit anti-BIgG, Dako A/S). Purified BSA and BIgG were used as standards (Sigma-Aldrich Co.).
Haptoglobin levels in blood plasma. Plasma haptoglobin was analyzed using a commercially available kit (Phase Range Haptoglobin Assay, Tridelta Development Ltd, Bray, Ireland) according to the manufacturer's instructions. In short, plasma was incubated with hemoglobin, which bound to haptoglobin present in the samples leading to preservation of peroxidase activity of the hemoglobin. The reaction was performed at low pH, which inhibited the peroxidase activity of free, unbound hemoglobin. A colorimetric reaction showing the peroxidase activity in the samples was then compared with a haptoglobin standard (0-2 mg ml -1 ), and was measured at 630 nm. The assay sensitivity was reported to be 0.05 mg ml -1 of haptoglobin.
Viable count of Enterobacteriaceae. The pup's frozen ceca with contents in freezing medium were thawed and disintegrated using sterile scissors after which serial (1:10) dilutions were made in dilution medium (9 g l -1 NaCl, 1 g l
peptone, 0.2 g l -1 cysteine, 1 ml Tween per 1 l distilled water) and spread on violet red bile dextrose plates (Oxoid Ltd). After incubating the violet red bile dextrose plates for 24 h at 37 1C, the number of bacterial colonies was estimated and expressed as colony forming units per gram cecum with content. Bacterial colonies on violet red bile glucose agar plates were considered to be bacteria belonging to the family Enterobacteriaceae.
Calculations
One-way analysis of variance was used to determine significant differences between the HF and LF groups, as well as between the HF group and the HF-EC group, with Dunnett's post hoc test (Graphpad Prism 5, Graphpad Software, La Jolla, CA, USA 
Results
Effects on body weight and gut development To determine whether the maternal HF feeding influenced pre-or postnatal growth, the birth weight as well as the body weight at 14 days of age was recorded. One day after birth, no significant differences in body weight were observed between the groups. However, at 14 days of age, the HF feeding significantly increased the body weight of the offspring as compared with offspring of dams consuming
Escherichia coli affects the outcome of a maternal high-fat diet F Fåk et al the standard, LF diet ( Figure 1 ). The addition of E. coli to the dams' drinking water led to even more increased body weights of the offspring, as compared with the offspring of dams on the HF diet alone (Figure 1 ). In a separate study, we investigated the fat deposition in the rat pups, and epididymal and retroperitoneal fat pad weights were measured in male offspring of HF (n ¼ 22 males, litter sizes: 11, 12 and 13) and LF (n ¼ 11 males, litter sizes: 12 and 12) rat dams, as well as in offspring born from dams consuming an HF diet and given E. coli (n ¼ 13 males, litter sizes: 7, 9 and 11). The results showed the same body weight differences as in the first experiment (Figure 2a) . Furthermore, the weights of both the epididymal and the retroperitoneal fat pads were significantly increased in the HF group as compared with the LF group, and the HF-EC group had significantly heavier fat pads than the HF group (Figure 2b) .
Effects on GI growth and function in the offspring were analyzed by investigating gut organ weights and digestive enzyme activities. The ability to produce HCl reflects the degree of stomach maturation; hence, the pH of the stomach contents was analyzed. The weight of the stomach did not differ between the HF offspring as compared with LF offspring (Table 1a ). The pH was significantly higher in the HF group compared with the LF group (Table 1a) . The HF-EC group had significantly higher stomach weights than the HF group, but the pH did not differ between groups. In the additional study, the HF group had significantly heavier stomachs, and the HF-EC group had even higher stomach weights (Table 1b) .
The small intestinal length was significantly increased in the HF group as compared with the LF group, but the difference in weight did not reach statistical significance. The HF-EC group had significantly heavier SIs than the HF group, while there was no difference in length ( Table 1 ). The additional study showed similar results, with both longer SIs and increased SI weights in the HF group as compared with the LF group, and the HF-EC group had significantly longer and heavier SIs as compared with the HF group (Table 1b) .
In contrast, the protein concentration of the proximal SI was significantly lower in the HF group as compared with the LF group, and the HF group also had decreased maltase and sucrase activities. The HF-EC group had significantly higher SI protein concentration and higher sucrase activity than the HF group (Table 2) .
Intestinal permeability gradually decreases with age and is used as an indicator of SI maturation, but can also be Escherichia coli affects the outcome of a maternal high-fat diet F Fåk et al affected by the diet, the gut microbiota and inflammatory provocations. The absorption into the blood circulation of the marker molecule, BIgG, differed significantly between groups, where the HF group had a lower absorption of BIgG than the LF group, while the absorption of BSA was significantly higher in the HF group (Table 3) . The HF-EC group showed significantly higher plasma levels of both BSA and BIgG as compared with the HF group ( Table 3) .
The weights of the accessory digestive glands, the pancreas and liver, were affected by the maternal diet (Tables 1 and 4 ). The HF group had significantly heavier pancreata than the Table 1a Organ weights (mg), small intestinal (SI) length (cm) and pH of stomach contents of 14-day-old rat pups born from dams fed either a high-fat diet with or without addition of E. coli to their drinking water, or a low-fat, standard diet during the last 2 weeks of pregnancy and during lactation .) . One-way ANOVA with Dunnett's post hoc test was used to determine significant effects of the different diets. Significant differences between the high-fat and low-fat groups (*), as well as between the high-fat group and the high-fat E. coli group (r) are shown (Po0.05 ¼ */r, Po0.01 ¼ **/rr, Po0.001 ¼ rrr).
Table 1b
Organ weights (mg) and small intestinal (SI) length (cm) of 14-day-old rat pups born from dams fed either a high-fat diet with or without addition of E. coli to their drinking water, or a low-fat, standard diet during the last 2 weeks of pregnancy and during lactation (additional study) . One-way ANOVA with Dunnett's post hoc test was used to determine significant effects of the different diets. Significant differences between the high-fat and low-fat groups (*), as well as between the high-fat group and the high-fat E. coli group (r) are shown (Po0.05 ¼ */r, Po0.01 ¼ rr, Po0.001 ¼ ***/rrr). Table 2 Small intestinal (proximal part) protein concentration (mg ml -1 ) and disaccharidase activities (U ml -1 ) of 14-day-old rat pups born from dams fed either a high-fat diet with or without addition of E. coli to their drinking water, or a low-fat, standard diet during the last 2 weeks of pregnancy and during lactation Protein (mg ml -1 ) Lactase (U ml -1 ) Maltase (U ml . One-way ANOVA with Dunnett's post hoc test was used to determine significant effects of the different diets. Significant differences between the high-fat and low-fat groups (*), as well as between the high-fat group and the high-fat E. coli group (r) are shown (Po0.05 ¼ */r, Po0.01 ¼ rr, Po0.001 ¼ ***/rrr). Table 3 Plasma levels of bovine serum albumin (BSA) and bovine immune globulins (BIgG) (mg ml -1 ) in 14-day-old rat pups born from dams fed either a high-fat diet with or without addition of E. coli to their drinking water, or a low-fat, standard diet during the last 2 weeks of pregnancy and during lactation One-way ANOVA with Dunnett's post hoc test was used to determine significant effects of the different diets. Significant differences between the high-fat and low-fat groups (*), as well as between the high-fat group and the high-fat E. coli group (r) are shown (Po0.05 ¼ r, Po0.01 ¼ **/rr, Po0.001 ¼ ***/rrr).
Escherichia coli affects the outcome of a maternal high-fat diet F Fåk et al LF group, but this did not correspond with the protein concentration, which was significantly lower (Table 4 ). E. coli administration further increased pancreas weight, but did not alter protein concentrations. In the additional study, the pancreas responded in the same manner to the HF feeding and the bacterial administration (Table 1b ). The liver weight was significantly increased in the HF group as compared with the LF group, and the HF-EC group had even higher liver weights than the HF group (Table 1) , although, in the additional study, only the difference between the HF and the LF groups could be demonstrated (Table 1b) .
Effects on cecal weight and viable count of Enterobacteriaceae Differences in cecal weight, including its contents, and numbers of Enterobacteriaceae might indicate an alteration in the gut microbial community in response to the maternal diet and the oral administration of bacteria. However, the cecal weight in the pups did not differ between the HF group and the LF group (Table 5) , but the HF-EC group had significantly increased cecal weight as compared with the HF group. No significant differences between the groups were observed regarding the cecal Enterobacteriaceae load (Table 5 ).
In the additional study, significant differences in cecal weight were observed between both the HF and the LF groups as well as between the HF and HF-EC groups (Table 1b) .
Effects on lymphoid organs and haptoglobin
The weight of the lymphoid organs, the spleen and the thymus, was also investigated as an indication of immune system activation. The spleen and thymus did not differ in weight between the HF group as compared with the LF group (Table 1) , while they weighed significantly more in the HF-EC group than in the HF group (Table 1 ). In the additional study, the spleen weighed more in the HF group as compared with the LF group (thymus weight was not investigated) (Table 1b) .
The blood plasma levels of the acute-phase protein, haptoglobin, were significantly elevated in the HF group as compared with the LF group (Figure 3) , and the HF-EC group showed even higher levels as compared with the HF group.
Discussion
Maternal HF feeding resulted in increased body and fat pad weights in the offspring, along with increased levels of the acute-phase protein, haptoglobin and decreased gut function. The addition of E. coli further accentuated the metabolic responses in the young rats, which, in addition to higher body weights and increased fat deposition, also showed an increased intestinal permeability and elevated levels of haptoglobin.
In the present study, we investigated the effects of maternal HF feeding and oral administration of bacteria on the physiology of the offspring. Since the pups in each litter share their intra-uterine environment, it could be argued that the pups in each litter are not completely independent. However, the use of the out-bred Sprague-Dawley rat strain maximizes genetic differences between the litter mates, as well as the use of different males for mating in each group. Nevertheless, significant litter effects were observed in the HF and HF-EC groups. To produce more convincing data, the additional study was made, where effects on body weight (Figure 2a ) and organ weights (Table 1b) could be repeated.
Our results indicate that the HF feeding and the oral administration of bacteria to the dam mostly had postnatal effects on the offspring. One day after birth, no major differences in body weight were observed between the offspring. However, at 14 days of age, the offspring of HF-fed dams showed a higher body weight and an increased fat deposition. Since the increase in body weight was related to the suckling period, it indicates an increased fat content in the milk of the HF mothers. In a previous study, reducing Escherichia coli affects the outcome of a maternal high-fat diet F Fåk et al litter size was shown to increase the fat content of the mother's milk, which led to increased body weights and fat pads in the offspring. 12 In another study, 3-month-old male offspring of fat-fed rat dams showed higher body weights and increased fat deposition in comparison with control rats.
14 Interestingly, the offspring of the rat dams given E. coli in their drinking water, in addition to the HF diet, showed even higher body weights than the offspring of rat dams given the HF diet alone. Since the litter sizes were smaller in the HF-EC group than in the HF group, this could have contributed to the differences in body weight. However, we did not observe any correlation between litter size and body weight (r ¼ À0.2, P ¼ 40.05). In pregnant women, E. coli numbers have been shown to correlate positively with infant birth weight, further indicating that the maternal microbiota influences the body weight of the offspring. 21 Furthermore, the HF-EC group had increased adiposity compared with the HF group. It has previously been shown that the gut microbiota affects fat deposition [1] [2] [3] and the microbiota of obese individuals has an increased capacity to harvest energy from the diet, which is reflected by the relative abundance of the Bacteroidetes to Firmicutes divisions of the gut microbiota. 3 One potential mechanism that may explain why the addition of E. coli led to increased adiposity could be increased levels of endotoxin. It was recently shown that chronic infusion of low levels of lipopolysaccharides was sufficient to promote adiposity in mice. 22 Furthermore, the increased intestinal permeability observed in these rat pups might have led to increased transfer of lipopolysaccharides from the gut lumen to the blood, which would also correspond with the increased levels of haptoglobin, although quantitative differences in Enterobacteriaceae levels were not detected in the present study. The offspring of HF-fed rat dams appeared to have a decreased functional maturation of the stomach (acid secretion) compared with LF controls. The SI, however, showed increased length in HF offspring, which may promote nutrient absorption. Still, the functional maturation of the SI, as measured by the disaccharidase activities, was decreased. Clearly, the functional adaptation of the SI to an HF diet during the suckling period is something that must be investigated further. It is possible that the presumable higher fat content of the mother's milk led to an energydemanding adaptation of the pancreas to produce lipase, at the cost of stomach and SI functional development. The addition of E. coli to the mothers' drinking water led to higher stomach and intestinal weights and increased protein concentration of the SI, along with higher disaccharidase activities. This indicates that the maternal E. coli feeding had stimulated the growth and functional adaptation of the gut in the offspring, but further gut microbiota analyses are required to explain these effects.
In the HF group of pups, no major differences in thymus and spleen weight were observed, as compared with lean controls, whereas the HF-EC group showed large increases in these immune organs. However, in the additional study, the spleen was heavier in the HF group, while there was no difference between the HF-EC and the HF group. This could be related to the observed increased gut permeability in the HF-EC group and, possibly, elevated lipopolysaccharides levels. The acute-phase protein, haptoglobin, was indeed elevated in both the HF group and HF-EC group of pups. We have previously shown that E. coli administration via the maternal drinking water can lead to increased haptoglobin levels in the offspring. 5 Why an HF diet induces inflammation in the suckling rats can only be speculated upon, but it has been shown that adipose tissue secretes inflammatory cytokines and that an HF diet induces metabolic endotoxemia. 18, 22 Furthermore, the liver was heavier in the HF and HF-EC pups, possibly due to the increased inflammatory status, and, in addition, to an increased lipid accumulation in the organ. 14, 23 Regarding the cecal microflora, no significant effects were found in the Enterobacteriaceae load. Thus, the maternal diet in this study did not affect the total number of these bacteria. Still, it is possible that the bacterial supplement to the mothers altered the resident Enterobacteriaceae community in the offspring, which affected body weight and fat deposition in the offspring. Another possibility could be that the bacterial treatment of the dams affected their physiology, milk production and/or inflammatory status, which in turn affected the rat pups without altering their gut microbiota. Further studies are needed to address these questions and to clarify which role the mother has in early development of the offspring.
Conclusions
The present study using a rat model shows that a maternal diet high in fat has a profound impact on body growth, fat deposition and GI function in the suckling offspring. A decreased functional maturation of the gut during the neonatal period was found in offspring of HF rat dams, and the rat pups' increased levels of the acute-phase protein, haptoglobin, might give rise to an unwanted programming of both the immune and the metabolic system. The administration of E. coli to pregnant and lactating rat dams resulted in even higher body weights of the offspring along with increased fat pad weights, demonstrating for the first time how an oral bacterial administration during the neonatal period can affect fat deposition in suckling rats. The results point to a mechanistic link between the gut microbiota, increased intestinal permeability and metabolic endotoxemia, which appear to have led to increased adiposity in the young rats. This stresses the need for more extensive studies on the significance of the maternal diet and colonizing microflora in neonates.
